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Abstract

Naringin is an antioxidant and anti-cancer compound utilized in the synthesis of various important substances in
pharmaceutical and medical sciences. In this research, naringin is extracted from orange peel using ethanol as a
solvent and the ultrasonic extraction method. Design-Expert (DOE) software was employed to optimize key
parameters, including extraction time, pH, and sample-to-solvent ratio, while maintaining a constant temperature
of 40°C. The concentration and purity of naringin in the samples were analyzed using spectrophotometry and high-
performance liquid chromatography (HPLC). According to the DOE results, pH had the most significant impact
on extraction efficiency compared to other parameters. The yield of naringin extraction increased in less time and
under slightly acidic pH conditions. Maximum extraction efficiency was achieved at the beginning of the process.
The optimal conditions for naringin extraction were determined to be 86.29% ethanol as the solvent, pH 6.52,
extraction time of 20 minutes, a sample-to-solvent ratio of 0.24, and an extraction yield of 123.27 mg/L. The purity
of naringin in the powder obtained from the orange peel extract was measured at 88.20%. The ANOVA model for
ethanol solvent demonstrated a correlation coefficient of 0.96, indicating it as a reliable model for this extraction
process.
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Introduction: The food processing industry generates significant amounts of agricultural waste, contributing
to environmental challenges. The citrus industry alone produces approximately 120 million tons of citrus fruits
annually, with 40-60% of the fruit weight discarded as waste. Orange production, particularly in juice extraction,
is a major contributor to the disposal of orange peels. These peels are rich in bioactive compounds, including
enzymes, dietary fiber, carotenoids, and phenolic compounds. These bioactives exhibit antioxidant properties and
provide numerous health benefits, such as chronic disease prevention and a reduced risk of cancer. Valorizing
orange waste by extracting bioactive compounds like naringin presents valuable applications in the food, cosmetic,
and pharmaceutical industries. The extraction process starts with selecting an appropriate solvent, with organic
solvents such as ethanol proving effective for isolating bioactive compounds. Solid-liquid extraction, also known
as leaching, is employed to isolate these compounds by transferring solubles from the solid matrix to the liquid
phase. Key factors influencing the leaching process include temperature, pressure, extraction time, solvent type,
solid-to-solvent ratio, and mixing efficiency. Extracting bioactive compounds using this method requires less
energy and avoids harmful gas emissions compared to other techniques. Additionally, ultrasonic extraction
enhances solvent penetration and molecular movement, enabling faster extraction and preserving heat-sensitive
compounds under standard conditions. This research utilizes Response Surface Methodology (RSM) and Design
of Experiments (DOE) to optimize naringin extraction from orange peels with ethanol. Key parameters such as
pH, sample-to-solvent ratio, and extraction time are investigated, with the purity of the extracted naringin assessed
using spectrophotometry and High-Performance Liquid Chromatography (HPLC).

Materials and methods: Fresh, ripe, and uncontaminated oranges were sourced from the Kolacha region in
Gilan, Iran, and thoroughly washed with distilled water to remove dust. After washing, the excess water was wiped
off. The process utilized naringin powder (purity > 98%, Sigma Aldrich, Germany), hydrochloric acid (37%,
Merck, Germany), buffer solutions (pH 4-8, Merck, Germany), and 96% ethanol (Merck, Germany). The orange
peels were separated from the pulp, dried at 90°C for three hours, and then ground into a fine powder.

A solution of 450 mL distilled water was adjusted to pH 5 using hydrochloric acid, homogenized, and subjected
to ultrasonic extraction at 50°C for 40 minutes using a 300 W, 40 kHz ultrasonic device. The resulting solution
was filtered through a paper funnel into a clean plastic bottle and refrigerated at -10°C until frozen. After thawing,
10 mL of ethanol was added, and the solution's pH was adjusted using the desired buffer. The mixture was then
stirred at a constant temperature of 40°C.

After the predetermined time, the solution was filtered through crepe paper into Falcon tubes, and 2 uL of naringin
solution (1.5 g/L) was added. The orange peel extract was stored at +10°C in the refrigerator for 48 hours, followed
by storage at room temperature for 72 hours to facilitate naringin precipitation. The resulting precipitate was
collected and dried at 45°C for 70 minutes.

High-Performance Liquid Chromatography (HPLC; Waters 2695 model with photodiode array detector Waters
996) with gradient elution was employed to analyze bioactive compounds. The purity of naringin was determined
to be 88.20% after two repetitions. Response Surface Methodology (RSM) was utilized to optimize the extraction
parameters, including pH, extraction time, and sample-to-solvent ratio.

Results and discussion: This study investigates the adsorption capacity and extraction efficiency of naringin,
using analysis of variance (ANOVA) to evaluate the impact of parameters such as time, sample-to-solvent ratio,
pH, and solvent type. P-values were calculated to determine the significance of each parameter, with values below
0.05 indicating crucial factors for extraction yield, while higher values suggested minimal effects. The results for
ethanol solvent revealed significant interactions, particularly between time and sample-to-solvent ratio, as well as
other parameter interactions that showed a lesser impact on the yield.

The F-value for ethanol was determined to be 27.02, confirming the model's significance, while the R? value
exceeded 0.8, indicating a strong correlation between the experimental results and predicted values. Signal-to-
noise ratios, which reflect model accuracy, were calculated at 20.69, further confirming the model's effectiveness.
Response Surface Methodology (RSM) was used to generate equations that describe the relationship between
influential parameters under ethanol conditions. Quadratic equations were established to optimize extraction
efficiency by adjusting parameters such as time, sample-to-solvent ratio, and pH.
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Graphical representations showed that the extraction yield increased with shorter extraction times and maintained
pH levels between 6 and 7. Additionally, a stable sample-to-solvent ratio proved beneficial. After optimization,
the study identified the following optimal extraction conditions for ethanol: a pH of 6.52, a 20-minute extraction
duration, and a sample-to-solvent ratio of 0.24. These conditions resulted in a maximum naringin yield of 86.29%,
corresponding to a concentration of 123.27 mg/L. Response Surface Methodology (RSM) effectively facilitated
the determination of operational conditions for optimizing naringin extraction, confirming the significant
relationships among the parameters analyzed. The findings highlight the interdependent nature of extraction factors
and offer valuable insights for maximizing naringin yields in practical applications.

Conclusions: Orange peels contain the valuable pharmaceutical compound naringin, known for its anticancer
properties. This study utilized Response Surface Methodology (RSM) to analyze the factors influencing naringin
extraction. The leaching process, combined with ultrasound and using 96% ethanol, proved effective for extraction.
Key parameters, including extraction time, pH, and sample-to-solvent ratio, were identified as significant factors
in the process. A mathematical model demonstrated a correlation coefficient exceeding 0.96, indicating that a
second-degree polynomial model is well-suited for optimizing naringin extraction. The optimal conditions for
maximum yield were identified as 20 minutes of extraction at a pH of 6.52, a sample-to-solvent ratio of 0.24, and
a temperature of 40°C. Under these conditions, the yield was 123.27 mg/L of naringin with a purity of 88.20%.
The findings suggest that using 96% ethanol significantly enhances naringin extraction efficiency in a slightly
acidic to neutral environment.

Keywords: Orange peel, Naringin, Yield, Purity percentage.
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Fig 1. Steps of preparing orange peel extract and naringin extraction

1 Spectrophotometry
2 High Performance Liquid Chromatography
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Table 1. Levels of influencing factors in experiment design
Factor | Name | Units Minimum Coded low Mean Coded high Maximum

o -2 -1 0 +1 +2

A Time min 10 20 30 40 50

B pH - 4 5 6 7 8

C Ratio % 0,06 012 0/18 0,24 0,30
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Table 2. Experiment design and extraction efficiency of naringin in ethanol solvent

561 ol 39 i 5 glyiiad sosl 5 inlajl (> (V) Jgoir

Run Ethanol pH Time(min) Ratio C(mg/L) Efficency(%)
1 8 30 018 110,06 77,05
2 4 30 018 74,82 52,38
3 6 30 0,30 114,09 79,87
4 6 10 018 124,19 86,94
5 5 20 012 103,81 72/67
6 7 20 012 115,79 81,06
7 6 30 018 113,45 79/42
8 7 20 0,24 120,39 84,28
9 6 30 0,06 107,31 75/12

10 6 50 018 109,12 76,39
11 7 40 012 123/12 86/19
12 6 30 018 118,16 82,72
13 5 20 0,24 109,95 7697
14 6 30 018 119,53 83,68
15 7 40 0,24 123,75 86,63
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Table 3. ANOVA results in extracting naringin with ethanol solvent

Ethanol solvent
Source Sum of df Mean F-value p-value
Squares Square
Model 1360/57 9 151,17 27,02 < 0,0001
A-Time 69,39 1 69,39 12,40 0,0055
B-pH 72792 1 72792 130,11 < 0,0001
C-Ratio 6,28 1 6,28 112 031
AB 92,34 1 92,34 1651 0,0023
AC 26,35 1 26,35 4,71 0,0551
BC 578 1 578 1,03 0,33
Residual 55,95 10 5/59
Lack of Fit 29,63 5 593 113 0/44
Pure Error 26,32 5 5,26
Cor Total 1416/52 19
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